
Towards lattice construction of quantum field theory
1 Introduction
Tokyo OA seminar
2024.04.09.
Quantum Mechanics operators on a Hilbert space {Q;]. [P; } Isjsu.
[QJ, P]-ijk. Canonical Commutation Relations. (CCR).
Heisenberg eq.
Qj (t) = i [H, Qj (t)], at Pj (t) = i [H, P; l)].
=> Q; 4) = e'xH. Q; (o). e-ith.
H= 2; P + V(Q . --, Qu).
-
et). V (Q , Qn) = Σ; Qt.
Quantum Field Theory: [4.2....1] {x} x =IR!!
[d(x), (y)]=(x-4). operator-valued distributions.
What does 5(x)dx mean?
UV/IR divergence.
2. Axiomatic/constructive QFT.
Mathematical definitions (Wightman / Araki-Haag-Kastler / Osterwalder-Schrader)
$(x) operator-valued distributions on IRd satisfying Wightman axioms
(locality, Poincaré covariance, positivity of emergy, vacuum
2).
Wu (x ...,xn) = <π, ((x) -- (an) R) comela from "functions".
Gin ( n) = W  (ext  - Pn). (z = (ix , x -x-1). analytic continuations
Gul satisfy the US axioms. (Symmetry, Euclidean invariance, reflection positivity, duite
Expectat
ф
GNS
W
analytic cont
G
analy The cunt. + "linear growith!!
Gult..-, tu) = Gu (tous. --om). "commutative".
Easier to construct examples, using statistical mechanics.
Relations to conformal field theory (work in progress with Adamo, Moriwaki).
3. Lattice field construction.
Let L.M.N be large integers. TM:= LWzd/LM zd
Field. TR
Action. SN (4) = 1 2XETA (2 (dd(a)) + "^ 6(2) +
LM
discrete toms.
(x) + EN).
with some parameters MN. IN, EN. Jjd(x) = ~ (+(x+e; L-~)-((x))
Part tin function ZN = Sexp(-S~(α)) 24.
Led = πdd(x).
DE R
exp(-SN(+1)/2N defines a probability distribution on
Correlation function G~ (t  - x) - <(z) & (tu)>= S+(\ ) -- (%) ep(-5(11) 200/ZN.



As N→00, we want [GM] to converge and the limit to satisfy the US axioms.
Actually, as No, we have to change UN. IN, EN.
.
.
"
counter terms"
If no, then we can Take MN=μ, but EN/∞o.
If λ=>0, then MN must depend on N. (mass renormalization).
In more complicated models, IN cannot be fixed.
How can we choose MN, IN, EN?
4. Renormalization
Instead of increasing N, one can try to see what happens as N decreases:
Qd (y) = 1 d Zx ε By & (x)
LTBY.
For nice models, the probability distribution "looks like" that for d
with different parameters MNY, NY, ENT.
One can define the flow (aw, IN, EN) (MN- v, EN).
From a starting value (Mo, ro, Es), one should go back the flow
and hope that G~) converge.
The SN is called the $1 - model. Triviality for d≤4.
Millenium problem construct the Yang-Mills comvelation functions in d=4.
The best result so far: Balaban ~189 UV Stablity. (boundenness of ZN).
State of art? Many people left.
Dimock 20112
Methods of Balaban applied to simpler models.
Recent results (Dybalski - Stottmeister - T.)
-model for Su(2). first step of renormalization.
convergence of ZN tu dr.
Formalization?


